Solar Wind Mass Loading by

lonospheric Outflows
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|. Auroral linkage connects solar and ionospheric plasmas
2. Solar wind is mass loaded by ionospheric “pick up”




Auroral Wind Circulation
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MHD driven Outflows
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Transverse lon Heating
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Figure 1. O% jon velocity distribution functions at selected points over the polar cap and nightside auroral zone. Panel a shows typical cold O

W

plasma over the polar cap region. Panels b-d show the abrupt appearance and subsequent evolution of a coherent transverse acceleration event

Moore et al. - 1985 - GM#38 - Obs. of coherent ion acceleration
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Transverse lon Heating
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Moore et al. - 1996 JGR- Plasma heating and flow in an auroral arc
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Empirical Outflow Control

STRANGEWAY ET AL.: ION OUTFLOW CONTROL
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lon Flux (#/cm®/s)

Harnessing Solar Wind Energy

Strangeway et al., 2005 JGR
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Poynting Flux Effect
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Collisional lon Plckup
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Saturation => Thermalization
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Fig. 24. Shape of the perpendicular ion velocity distribution as determined by the parameter Ec/8V .. = D* as a

function of ion temperature. The ‘theoretical’ curves A and B were evaluated by using the results obtained from the pure
relaxation collision model (equation (16)). Curve C represents the average shape of the measured O~ distribution when
O- is the major ion. Curve D is the measured shape of the NO* distribution. From St-Maurice et al. [1976].




MCKENZIE ET AL.: ION ACCELERATION AT COMET GIACOBINI-ZINNER

OUTBOUND
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Figure 9. Comparison of quasi-linear model results and measured values from the ICE EPAS experiment
[Richardson et al., 1987] for two locations on the outbound trajectory. Four quasi-linear cases are shown. The
four cases shown correspond to the following parameters for increasing values of f{v) at large values of v: (1)
8B =1 nT, Pegrect/Proal = 0.3; (2) 8B =2 nT, Pogect/Proa1 = 0.1; (3) 8B = 4 nT, P ogrecr/Prora) = 0.03; (4) spatially
varying 8B, Pgect/Prow = 0.1. 12
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Hot Tail vs Velocity
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Hot tail vs local flow

Puhl1993-ApJ—Fig.6b
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Escape from Gravity
Puhl et al. 1993
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Estimating Escape Flux

Cold core has negligible escape
Exponential tail exp(-V/Vzai)

Vil e-folding velocity tracks local
2*Vexs

Invoke “thermalization” of
convective ring beam motion

Vary Poynting flux, hence Vexs,
hence Vtail

Compute escape flux (above Vesc) PSD
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O™ Escape Flux vs. PF

2-10%
Vesc [m/s] //
Vth [m/s] /
SigmaP = 2 Siemens
2104 Vi [m/s] /
SigmaP = 20 Siemens //
1-10%
~ /
T~~~ /
—
8103
\\\-
// T
— ol
4.103 _
- —
]
e
,
0
0 2103 4103 610% 810 1104
Alt [km]

2104 1010g— LILAAELL B LA R U
Escape flux [[cm”2/s] . . ..
SigmaP = 20 Siemens &,
Escape flux [[lcm”2/s] ...~

109L Sigma? = %_§_ierpens L 109
2104 . : 5
(7)) -
\ =
Al ’
< [ 8
e 10
1-10% g,
5
= 107
o
103 o
810 o
B 6
110
L
4108
10°
0

[ 4
.—1.;’0

Ll 0

PF@4000 km [W/m/2]




What’s » p?

Hedin 1991 MSIS, Bilitza
1993, Riley 1994 IR,
Hardy 1987 for aurora .
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® Ring-beam

thermalization likely
key process in outflow
of heavy ion plasma

® Need to study the
plasma physics: How
does it work in the
strong field case where

V << VA’

UWI = Upwelling 1ons

[C = lon conics




